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IN REVIEWING the roles of milk and water
in the dissemination of viruses and rickettsia in¬
fectious for humans, Brown (1) concluded that
only the virus of infectious hepatitis was spread
in this fashion to any significant extent. More
recent reviews by Berg (2) and by Lemon (3)
have suggested that food might serve as a ve¬

hicle for a variety of viruses. Among reported
foodborne outbreaks of virus disease, however,
infectious hepatitis predominates by a consider¬
able margin. The following discussion at¬
tempts to relate what is known of infectious
hepatitis that is germane to its transmission in
foods to the more general question of foodborne
viruses.

Infectious hepatitis is a distinct clinical en¬

tity, although Havens (4) stated that it was not
generally recognized as such until the time of
WorldWar II. It has been reportable through¬
out the United States since 1954. Differential
diagnosis is based on signs and symptoms as¬

sociated with the disease (S), often including
jaundice, and an incubation period of 15 to 50
days (6). Liver function tests may be em¬

ployed for confirmation and in the detection of
subclinical infections. There is good evidence
to indicate that the etiologic agent is a virus
which is capable of producing infection when
introduced by the oral route and which is shed
for considerable periods of time in the feces of
infected persons. It has been stated that trans¬
mission of the agent is essentially by the intesti-
nal-oral route, with water or food being oc¬

casionally interposed as a vehicle (5).
Foodborne Outbreaks
Although the demonstration that infectious

hepatitis virus is shed in feces is in itself sug¬
gestive that the agent might be transmitted in
foods in a manner analogous to the enteric
pathogens, actual reports of foodborne out¬

breaks began to appear with regularity only in
recent years. A probable foodborne outbreak
of infectious hepatitis affected 69 students at
Yale University in 1921 (7). Keinterpretation
of the information presented is somewhat dif¬
ficult because viral hepatitis had not yet been
described, and the investigation was predicated
upon bacterial etiology and a relatively short
incubation period. With the recognition of
viral infectious hepatitis as a distinct clinical
entity, the record of transmission of the disease
in foods began. Reports of 15 outbreaks since
1943 in which food was the probable vehicle are

summarized in table 1.
Because of the long incubation period of the

disease, food could be implicated as a vehicle
only by deductive methods in a number of these
outbreaks. Often it was not possible to specify
the particular food which carried the virus or

how it might have become contaminated, yet the
evidence that food was involved is quite con¬

vincing. In the Cleveland outbreak in 1944,
cases were restricted to members of a fraternity
who ate meals at their fraternity house, whether
or not they lived there (9). Only recruits in
odd-numbered platoons of several companies
were affected in the California outbreak in 1962,
and the even-numbered and odd-numbered pla¬
toons were distinguished only by having been
fed in separate mess lines when eating lunch at
the rifle range (Dr. R. D. Aach, Hepatitis Sur¬
veillance Unit, Communicable Disease Center,
Public Health Service, 1963, unpublished data.)
The outbreak in Missouri City, Tex., in 1959,
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Table 1* Outbreaks of infectious hepatitis associated

Location of outbreak * Dates of onset Number
exposed

Number
infected

East Lothian, Scotland (8).
Cleveland, Ohio (9)_
Forsyth, Ga. (10)_

Oxford College, England (11).
Camp Edwards, Mass. (12)..
College in South Carolina (18)
Mangakino, New Zealand (14)-

Mediterranean Fleet, U.S. Navy (15).

Adjacent grade and high schools, Missouri City, Tex.
(16).

Psychiatric institution, New Jersey (17)_
Office building, St. Paul, Minn. (18)_

Naval base, Florida (19)_

Jewish Hospital of St. Louis, Mo. (20)_.

Military base, California (unpublished data)_
Ameriean dependents' school, Bushey Hall, England

(unpublished data).

Apr. 13-May 1, 1943_
May 26-June 5, 1944_
May 21-June 28, 1945_

May 22-June 10, 1950_
Oct. 25-Nov. 29, 1951_
Oct. 4-Nov. 18, 1952_
About July 20, 1957_

Jan. 19-Feb. 22, 1959_

Sept. 27-Oct. 6, 1959_

1960_

June 2-20, 1961_

Nov. 18-Dec. 13, 1961_

July 21-Aug. 12, 1962_

Oct. 28-Nov. 18, 1962_
Nov. 29, 1962-Jan. 9, 1963.._

450.
74___
114__

150.
87___

2,290.
n.s___

n.s...

>121

n.s_

n.s___

162..

n.s_

1,477.
598...

149
24
14

49
15

>222
3

156

21

19

20

22

14

49

44

1 Numbers in parentheses are references.
Note: n.s.=not specified.

was foodborne in only a limited sense: the virus
apparently had been disseminated on compart-
mented cafeteria trays in which food was

served, because the source person was reported
not to have handled food (16). I have in¬
cluded the Missouri City outbreak because the
epidemiologic pattern was that of a foodborne
outbreak and because it illustrates the signifi¬
cance of infectious hepatitis in kitchen person¬
nel who may not handle food directly. Of the
seven foodhandlers and kitchen workers impli-
cated as having source cases, one had a sub¬
clinical infection, two handled foods only dur¬
ing the incubation period of the disease, and
four worked for various periods of time after
onset of symptoms, which included jaundice in
two of these four persons.
The majority of the foods implicated had

been cooked very little or not at all. One nota-
ble exception was the roast pork incriminated

in the Bushy Hall, England, outbreak in 1963.
The pork had been roasted thoroughly, cooled,
and boned by hand by a cook who was jaundiced
and who subsequently sliced and warmed the
meat on a steamtable before serving (Dr. J. W.
Mosley, chief, Hepatitis Surveillance Unit,
Communicable Disease Center, 1963, unpub¬
lished data). It appears that even a thor¬
oughly cooked food may become a hazard if it
is handled just before serving or if it is served
on a contaminated dish or tray.
Thus, the only obvious distinction of raw

foods is that virus introduced ait any point in
handling may reach the consumer in infectious
form, while thoroughly cooked foods may Carry
infectious virus to the consumer only under the
circumstances described previously. However,
reports of some of these outbreaks indicate that
food histories taken in the course of the investi¬
gation have included only foods which have not
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been cooked. A food implicated by such an in¬
vestigation is probably that which carried the
virus; but when none of the foods considered
can be incriminated, there is a distinct possibil¬
ity that a cooked food has been the vehicle. It
is not possible to estimate the extent to which
the list of foods appearing in taMe 1 may have
been biased in this faShion, but the question
merits further consideration.
Some of the investigators cited also included

a search for persons with secondary or contact
cases resulting from the outbreak. None were

found in the 1944 Cleveland outbreak (9), but
2 of the 14 persons in the 1945 outbreak in For-
syth, G-a., might have had secondary rather than
foodborne infections (10). Three persons with
contact cases, in contrast to 49 with foodborne,
were found in tihe Oxford, England, outbreak
in 1950 (11), and four persons with contact
cases, versus three with foodborne, were re¬

ported in the Mangakino, New Zealand, out¬
break in 1957 (lif). In the 1962 outbreak in

St. Louis, Mo., 1 person was infected by con¬

tact with the index person, while 14 persons had
foodborne infections (20). The index person
in the Missouri City, Tex., outbreak in 1959 in¬
fected 5 persons by contact and 21 persons in
his role as a kitchen employee (16). This sam¬

ple is admittedly biased by the fact that the out¬
breaks cited were first recognized as food-
associated. Data of this kind are extremely
limited, but it is evident that outbreaks do occur

in which the number of persons infected by
foodborne virus exceeds considerably the num¬
ber infected by contact. The converse type of
outbreak evidently has not been reported but
may very well be observed in the future. At
the very least, it appears that in appropriate
circumstances food is a highly efficient vehicle
for the transmission of infectious hepatitis.

Finally, there is a growing number of reports
of hepatitis outbreaks associated with the con¬

sumption of dhellfish. Seven such outbreaks
are summarized in taible 2. In only two of

Vol. 81, No. 2, February 1966 161



Table 2. Shellfish-associated outbreaks

Location of outbreak 1 Dates of onset Number
exposed

Sweden, 3 cities and 102 towns (21,
Mississippi and Alabama (28)_
New Jersey and New York (17, 24)
Bronx, N.Y. (25)_
Greater Philadelphia and Atlantic County, N.J. (26a)
Connecticut and Rhode Island
ChapelHill, N.C. (26c)_

Dec. 18, 1955-Jan. 26, 1956.

Jan. 1-Mar. 18, 1961_
Jan.-June 1961_
Oct. 6-10, 1962._
Sept. 29, 1963-Apr. 25, 1964
Nov. 1, 1963-June 15, 1964.
Feb. 27-Mar. 5, 1964_

n.s.

n.s.

n.s
6..
n.s
n.s.
25-

1 Numbers in parentheses are references.
Note: n.s.=not specified.

these were infections described which might
have resulted from consumption of shellfish
which had been cooked in any way. One per¬
son in the Mississippi and Alabama outbreak
of 1961 had eaten oysters prepared by bringing
milk and seasoning to a boil, adding the oysters,
and cooking them just until the edges curled
(23). One person in the Chapel Hill, N.C, out¬
break in 1964 had eaten only steamed clams and
oysters, but the steaming was intended just to
be sufficient to make the shells easy to open (Dr.
R. H. Levine, communicable disease control sec¬

tion, North Carolina State Board of Health,
Raleigh, 1964, unpublished data).
The majority of these outbreaks evidently in¬

volved shellfish taken from waters closed to har¬
vesting, either by persons who consumed the
mollusks themselves (23, 25) or by commercial
shellfishermen (23, 26a, 26c). The oysters im-
plicated in tlhe outbreak in Sweden in 1955 were

probably safe at the time of harvest but had
become contaminated while being held in a bay
into which a latrine was emptied periodically
(21). Clearly, the mode of contamination in
these outbreaks differs significantly from those
listed in tdble 1. Outbreaks in which shellfish
are implicated may be regarded as both water-
borne and foodborne, and preventive measures

should probably be directed to breaking both
segments of the dhain of transmission. Water-
borne outbreaks of infectious hepatitis are now

legion (27) and they are not discussed further
in this paper.

Shellfish-associated outbreaks of infectious
hepatitis are also distinguished by relative ease

of recognition. It has become increasingly
common for patients with hepatitis to be asked

if they have eaten raw shellfish in the past 60
days. This question was answered in the affirm-
ative by 1,126 (7.1 percent) of the 15,694 adults
with infectious hepatitis reported in the United
States during the surveillance year April 1961
through April 1962 (28). The period in ques¬
tion coincides wdth a portion of only one of the
outbreaks listed in table 2, so it is obvious that
few of these 1,126 cases were included in re¬

ported outbreaks. There is some question as

to the proportion of the shellfish-associated in¬
fections which actually were caused by shellfish-
borne virus.
Data have been presented for 7,907 hepatitis

patients during the epidemiologic year 1963-64
from whom histories were taken relative to raw
shellfish consumption and to contact with per¬
sons having known cases during the 2 months
previous to onset of symptoms. Cases in per¬
sons aged 20 years or over totaled 4,471, of
which 475 or 10.6 percent were "shellfish posi¬
tive." Among these 475, about 7 percent were
also "contact positive," in contrast to 17.8 per¬
cent in the "shellfish-negative" group (29).
Shellfish-associated outbreaks include pri¬
marily men living in coastal States, and these
are the persons who consume the greatest
quantities of raw shellfish. On the other hand,
the limited number of foodborne outbreaks
listed in table 1 does not show the increased
seasonal incidence in winter, which typifies the
disease in the population at large, while the
shellfish-associated outbreaks tend to cluster
from late fall through early spring.

It might be conjectured that the seasonal na¬

ture of shellfish consumption tends to accentuate
the seasonal incidence of infectious hepatitis in
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of infectious hepatitis, 1955-64

the population as a whole. Howejver, if the
seasonal incidence of infectious hepatitis in
adults during the years 1961-64 is compared
for the Atlantic and Gulf Coast regions with
those for inland regions, there is no apparent
support for this hypothesis (26d).

Virus of Infectious Hepatitis
The characterization of the virus of infec¬

tious hepatitis has been complicated by the
problem of finding a suitable laboratory host
system. Attempts to adapt the virus to labora¬
tory animals have been unsuccessful (30).
McCollum (31) has reviewed work with the
virus in tissue cultures in a number of labora¬
tories. Although several of the methods de¬
veloped have appeared quite promising, consid¬
erable difficulty has been experienced in
repeating them in laboratories other than the
ones in which they were introduced.
As a result of the difficulties in finding suit¬

able experimental host systems, most of what
is known of the properties of the infectious
hepatitis virus and its natural history has been
learned from studies with human volunteers
and reports of outbreaks. Feeding studies with
human volunteers indicate that the virus is de-
tectable in the stools of experimentally infected
persons by the 25th day of incubation, or 2 to
3 weeks before onset of symptoms, and that it
persists for at least 8 days (32), but probably
not 3 weeks (4) after onset of jaundice. The
virus was also present in the serum during the
acute phase but could not be demonstrated in
acute-phase urine or nasopharyngeal washings
by Havens (33). Giles and co-workers (34) re¬

ported one case among 12 subjects given 5 ml.

orally of urine, which was taken on the first day
of jaundice. These data are necessarily limited;
but they do suggest the period during which an

infected foodhandler would be most likely to
constitute a hazard, and they further indicate
that fecal contamination, as suggested by
Havens and Paul (5), is most likely to be the
proximate source of virus in foods involved in
outbreaks.
As discussed previously, the records of a num¬

ber of infectious hepatitis outbreaks indicate
that the virus may in some instances be more

efficiently disseminated in foods than by direct
person-to-person contact. In such circum¬
stances, the stability of the agent when outside
its natural host is not at issue. However, the
stability of this virus has attracted a good deal
of attention. Two cases were described pre¬
viously in persons who had eaten only contam¬
inated shellfish after limited cooking. Acid
stability of the agent is also suggested, since in
the 1962 outbreak in St. Louis, Mo., the virus
must have remained infectious at least overnight
and perhaps 36 hours in the refrigerator in
orange juice (20). The pH of the orange juice
was probably in the range of 3.5 to 4.0.
The shellfish implicated in the Chapel Hill,

N.C, outbreak in 1964 had been held at room

temperature for at least 3 days before being
eaten by two of the three persons who became
infected, and one of these persons ate them only
after they had also been steamed to a limited ex¬

tent (26c). Some of the data suggest that the
virus might survive at least low-temperature,
long-time pasteurization in milk (30 minutes at
145° F.), and the absence of foods cooked or
heated subsequent to contamination from the
list in table 1 would only be evidence to the con-
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trary if it could be shown that cooked foods
were given equal consideration as vehicles for
the virus in outbreaks.

Properties Shaired With Others

Although knowledge of the etiology and epi-
demiology of the disease is limited, some or all
of the characteristics imputed to the virus of
infectious hepatitis are known to be shared by
a number of better-studied viruses. In particu-
lar, virtually all of the properties cited have
been reported for at least some members of the
enterovirus group. The enteroviruses are typi-
cally transmitted by a rectal-oral circuit and
may be found in sewage (35). The polioviruses,
which are members of the group, have been
shown to be shed in feces for a median period
of 5 weeks following natural infection or oral
vaccination (36). Polioviruses have been re-
ported to retain infectivity after 60 minutes at
650 C. (37), and at 370 C. for 3 hours at pH 2
(36). Model studies have indicated that polio-
virus type 3 (38) and Coxsackie virus type B5
(39) might be recovered from shellfish taken
from contaminated water, and that the viruses
were much more stable within the mollusks than
in the surrounding water. Coxsackie virus type
B4 and ECHO type 9 have been isolated from
oysters taken 4 miles from a point where raw
sewage was being discharged into a river (40).
The foregoing has not been intended to dem-

onstrate that the agent of infectious hepatitis is
an enterovirus. The fact that the peak seasonal
incidence of infectious hepatitis in the temper-
ate zones occurs in winter and spring (5), while
that of the enteroviruses occurs in summer and
fall (36), rather suggests the contrary. How-
ever, it has been shown that the known proper-
ties of the infectious hepatitis virus that are
germane to its transmission in foods are shared
by a number of other viruses infectious for hu-
mans. Among the human enteroviruses, a num-
ber of types frequently cause clinical illnesses
less distinctive than infectious hepatitis. There
are large numbers of foodborne illnesses, with
symptoms compatible with those of enterovirus
infection, in which it has not been possible to
demonstrate a bacterial etiologic agent (41). It
is therefore likely that infectious hepatitis is
not unique in its propensity for transmission in

foods, but rather that the 22 foodborne out-
breaks described may be indications of what can
be expected if other outbreaks of foodborne ill-
ness are investigated with viruses in mind.

Summary
A review of 22 food-associated outbreaks of

infectious hepatitis which occurred from 1943
to 1964 included 7 in which shellfish were in-
criminated as the vehicle of transmission, while
the rest were attributed to a variety of other
foods. A majority of the foods implicated had
not been cooked, but it seems that the virus is
sufficiently stable to withstand limited heating
and that a greater number of cooked foods
might have been included if more investigations
had been conducted with this in mind.

Reports of what is known of the virus of in-
fectious hepatitis indicate that most of the prop-
erties of this agent which may apply to trans-
mission in foods have also been described for
other viruses infectious for man. This infor-
mation may therefore serve as a model for the
study of outbreaks of other foodborne virus
diseases.
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